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1

LOCAL APPLICATION TUMOR TREATMENT
- APPARATUS

FIELD OF THE INVENTION

The present invention relates to medical treatment
and more particularly to local treatment of tumors ei-
ther cancerous or benign on an out patient basis.

BACKGROUND OF THE INVENTION

The present invention contemplates equipment for
treatment of various localized tumors such as prostate,
rectal, cervical or uterine. The term *“tumor” as used
herein refers to any abnormal tissue growth. In fact, the
invention may be used for any temperature sensitive
tumor. The present invention will be described with
regard to a typical type of tumor suitable for treatment
with the equipment of the present invention, namely,
prostate cancer.
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beam irradiation techniques admlmstered in the period

following total recovery from surgery.

Radiotherapy, like surgery, offers a patient the p0531-
bility of local-regional control of prostatic carcinoma.
External beam radiation has generally been given to the
prostate in doses of 5,500 to 7,000 rads. Perez et al. have
reported a failure rate of 18.5% in patients who re-
ceived 7,000 rads to the prostate. Cupps and associates
found a 14% rate of local recurrence by digital examina-
tion in patients who had received external-beam radia-
tion; in stage B disease, they observed a 20% combined
local and systemic failure raté, whereas the combined
failure rate for stage C disease was 49%. Lupu and

associates have reported a 32% five-year local failure

rate for stage C lesions treated with external radiation
alone. Gibbons et al. have found a 92% local clinical

- control rate for stage C carcinoma of the prostate with

20

Prostate cancer is the second most common cancer in -

males in the United States, and the third most common
cause of male cancer death. In 1986, an estimated 90,000
men in the US were diagnosed with prostate cancer,
and 26,100 death from the disease were estimated to
have occurred. |

Age has a major impact on the incidence of prostatic

cancer. The disease is uncommon in men younger than
age 50, but the incidence increases sharply to more than

1,000 per 100,000 man-years for American males age 85 -

and over. The average age of prostate cancer patients at
the time of diagnosis is 73 years. For males over the age
of 75, mortality due to prostate cancer is exceeded only

by lung cancer. Relative to other forms of malignancy,

this disease accounts for 21 percent of newly diagnosed
‘cancers in males and 11 percent of cancer deaths.

Many factors are involved in choosing treatment
modes for the individual patient. Those factors are pa-
tient age and anticipated life expectancy, associated
medical problems, sexual potency, potential complica-
tions of therapy, and, ultimately, consideration for qual-
ity of life with and without therapy.
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In choosing appropriate treatment options cost fac-

tors have been largely ignored in the past. The cost,
including physician fees, of perineal prostatectomy is
substantial with typically 8.0 hospitalization days re-
quired. The delivery of external radiation therapy for
localized prostate cancer according to the present in-
vention may be a 6-weeks-course on an outpatient basis.
Treating patients with the method of the present inven-
~ tion, e.g. hyperthermia delivered on an outpatient basis
~ would lead to a reduction of hospital days associated
with surgery. In the context of radiation therapy effec-
tive hyperthermta can enhance the effect of radiation
and result in a higher local cure rate. -
Traditionally radical prostatectomy has been mdely
employed on otherwise healthy men with clinical Stage

A or B and occasionally small Stage C lesions. Limita-

tions in success in treatment stem from inaccurate clini-
cal staging which fails to predict extraprostatic carcino-
- matous spread prior to surgery.

Despite numerous refinements in surgical technique,

the role of prostatectomy for patients with histological
evidence of extracapsular disease remains uncertain.
Attempts to treat residual cancer following incomplete
resection evidenced by histological demonstration of
capsular penetration, involving surgical margins or
seminal vesicels, have focused primarily upon external
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external radiation alone, but they define local control as
lack of requirement of further surgery for obstruction
or bleeding. Other investigators have observed that

~postradiation biopsy continues to be positive for resid-

ual tumor in 40% to 70% of patients treated with exter-
nal-beam radiation. Unfortunately, the determination of
local clinical control has in the past relied on digital -

examinations and not on sensitive serum markers and
- ultrasonic rectal follow-up checks. Local tumor recur-

rence or persistence has nevertheless been associated
with a higher incidence of systemic failure. These find-
ings would lead to suggest modalities to increase the
effectiveness of radiation with the use of adjunct hor-
monal or chemotherapy treatment or with the use of -
hyperthermia. |

Interstitial radiation therapy with iodine 1set0pe (I-
125) has been reported to carry a 16% incidence of local
failure in patients with stage C disease followed five
years. Scardino et al., however, observed an incidence
of positive postradlatlon biopsy of 50%. Local tumor
recurrence using a combination of radical surgery and
interstitial gold isotope (AU-198) has been reported in
the range of 4% to 8%. |

Since 1866, when Busch pubhshed the ﬁrst sc1ent1ﬁc
report of a regression of a histologically proven sar-
coma following an attack of high fever caused by ery-
sipelas, many authors have reported the disappearance
or regression of tumors by hyperthermia therapy.

GENERAL DESCRIPTION OF THE PRESENT
INVENTION

Hyperthermla can be achieved threugh an induced
temperature of more than 41.4° C., within living organ-

ism or a part of it, where the physmloglcal temperature

regulatlon of the body is partially overcome W1th the

aim of achieving a therapeutic effect.

35

Malignant cells, whether in tissue culture or in experi-

mental animals, are more sensitive to heat than normal =

cells, with chromosomal aberrations induced only when
the cells are heated in S-phase. The degree or extent of

heat damage to the replication process is dependent not

only on time and temperature of the heat shock given to
the cells, but also on the intrinsic thermal sensitivity of

- the cells. Higher temperature minimize development ef

65

- thermotolerance.

The direct effects of thermal damage are- related to 1)
a reduced rate of transport of amino acids and thymi-
dine into cells following heating; 2) decreased binding

- of epidermal growth factor in Rat-1 cells and decreased

_bmdmg of insulin to CHO cells; 3) leakage of poly-

amines from heated cells and 4) petentlatlon of heat '
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killing, inhibition of DNA synthesis, and loss of cellular
polymerase beta activity by membrane active agents.

The further effect of heating is related to increased
permeability of cell membrane, leading to a subsequent
change in the intracellular ionic environment. This may
cause the absorption of cytoplasmic and nuclear prote-
ins to the DnA 1n the nucleus and also effect numerous
enzymatic reactions.

The phenomenon of thermotolerance is a complica-
tion in the clinical use of hyperthermia. Riabowol sug-
gest that synthesis of a small group of highly conserved
proteins in response to the first thermal shock exhibit
significantly higher survival rates to a second, other-
wise lethal damage. A correlation exists between the
expression and decay of thermotolerance and the induc-
tion, accumulation, and degradation of heat shock pro-
tein. Those referred to as the hsp70 family are the most
conserved and the best characterized. In most mamma-
lian cells there are two prominent forms of hsp70, an
abundant constitutive member, hsp73, and a highly
stress-inducible member, hsp72. In response to heat
shock, these proteins are rapidly sequestered in the
nucieolus involved in the assembly of small ribonucleo-
proteins and preribosomes. During recovery from heat
shock, the 70k hsp accumulates in the cytoplasm where
a portion colocalizes with ribosomes and polysomes. At
lower temperature of around 42° C., thermotolerance is
induced during the heating period after an exposure of
around 2 or 3 hours. By contrast at higher temperatures
of around 45° C., thermotolerance cannot be produced
during the heating, and it is delayed by 8 hours or so
after the heating period. The time taken for cells that
have become thermotolerant to revert to their normal
sensitivity, may take as long as 100 hours. The greater
the degree of damage, the greater is the time for the
thermotolerance to decay. In addition, the faster the
increase of temperature, the higher the temperature,
and the longer the time of exposure, the smaller are the
number of thermotolerant cells found within cultured
cell lines. |

Hyperthermia generally decreases blood flow in tu-
mors, frequently irreversibly, however, blood flow is
sometimes restored 1-3 days after application of heat,
depending on the tumor model. Upon heating, the in-
tratumor environment becomes acidic, hypoxic, and
nutritionally deprived due probably to vascular dam-
age. Such a suboptimal environment in the heated tu-
mors potentiates the response of tumor cells to hyper-
thermia, inhibits the repair of thermal damage, and also
interferes with the development of thermal tolerance.
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edge and damage to normal cells. Using this method it
1s difficult to selectively act on the desired tissue, e.g.,
microwave heats everything in the vicinity. Also, hot
and cold spots are a problem with microwave.

Temperature distribution within tumors treated by
external methods even in annular phased array systems
is difficult to achieve. Thermal mapping can be
achieved using multisensor temperature probes, but is
an additional invasive activity.

Another limiting factor of the external heating tech-
niques is the excessive heating of normal surrounding
tissues, usually with associated patient discomfort and-
/or pain. Mucosal necrosis of the urinary bladder, due
to the high thermal sensitivity of the urothelium, has
been reported. This necessitates bladder cooling in hy-
perthermia treatment of patients with pelvic tumors.
Using rectal applications, mucosal damages aiso have
been reported.

Ultrasound beams, although focusable and suffi-
ciently penetrating in soft tissues and fluids, are limited
in their applicability due to their strong absorption by
bone and their high reflection by air-filled cavities.

Interstitial techniques, on the other hand, produce
heat by means of devices implanted directly into the
diseased area. Heating is thereby confined to the target
volume and i1s affected little by surrounding tissues or
air cavities. The only drawback of this approach is the
invasiveness. Such invasive methods of heating tumors
include implanted metallic electrodes and microwave
antennas. Each time the electrode 1s inserted it serves as
a track for infection. Also, anesthesia is required for
each insertion.

Electromagnetic field focusing (EFF) is capable of
producing intense heat at a given point in tissue. If
biological tissue 1s placed in an electromagnetic, field,
eddy currents are induced to flow within the tissue. The
tissue is not heated until it is grounded by a conductor,

~ e.g. needle electrode, at which time a sharp and intense
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Heating and damage of tumor can be expected only if .

heat is preferentially delivered to the tumor or if heat
dissipation by blood flow is slower in the tumor than in
the surrounding normal tissue. Tumor vasculature,
however, 1s less able to dissipate heat and more likely to
be damaged when treated with hyperthermia. Systemic
temperature elevation during regional hyperthermia
results from the dissipation of large quantities of thermal
energy through circulation. This is generally an unde-
sirable by-product of regional hyperthermia, which
may seriously compromise adequate delivery of thermal
treatment.

Electromagnetic (microwave) and ultrasonic meth-
ods can be used to heat tissue locally. At high tempera-
ture, e.g. above 45° C,, heat begins to indiscriminately
damage both normal and cancer cells. This limits tem-
perature rise in tissue to a narrow therapeutic range, to
avoid both enhancement of the active growing tumor
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convergence of the eddy currents, at the point of
contact of the electrode to tissue, produces heat.

The present invention is a less invasive technique and
involves the implantation of thermoseeds. These seeds
are implanted and then may be inductively heated by a
magnetic field. A needle is used to implant thermoseeds.
The biocompatable thermoseeds, after insertion, remain
in place over an extended period of time. The seeds are
heated by induced current flow without electrical con-
nection such as that needed in the EFF-method. As the
magnetic field strength needed to heat the implanted
seeds 1s low (less than 100 oersteds), there is no adverse
short term or long term tissue effect. Thermoseeds are
very small and less invasive than other techniques.
Thermoseeds once inserted have no connection with
the outside world.

Thermoseeds can be made from matenials having a
ferromagnetic to paramagnetic transition (Curie point)
at the desired temperature. As the Curie point is ap-
proached, the implants begin to lose their ferromagne-
tism, and thereby their rate of heat production is de-
creased and temperature becomes static. The automatic
regulation offered by this technique leads to better tem-
perature homogeneity. These are the so called self-
regulating thermoseeds. The rate at which heat is pro-
duced by a cylindrical thermoseed depends on its ra-
dius, length, magnetic permeability, and on the intensity

- and frequency of the applied induction field. The rate of

heat production goes up if any of these parameters are
increased. Furthermore, the heating power depends on
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the orientation of the implants with respect to the mag-
netic induction field. Thermoseeds must be oriented
properly, e.g. with the direction of the magnetic field in
order to function properly. Although deviations of up
to 45 degrees are acceptable, larger angles of misalign-
ment lead to a substantial drop in heating power.

Self regulating thermoseeds have theoretical advan-

tages in localized and accessible tumor systems. The
prostate fulfills these criteria, and has immense clinical
importance, because of benign enlargement and malig-
nant potential.

When the interface between the tumor tissue and

surrounding normal tissue 1s kept at 50° C. or less, dam-

age to the surrounding tissue is minimal and reversible
as shown by testing in animal models. Total cancer cell
necrosis was found to occur in all animals at 50° C.
maintained for 10 to 15 minutes. A thermoseed consist-
ing of 70.4% nickel and 29.6% copper gave consistent
temperatures of 50.1° C., although other seeds have also
been used, e.g. palladium - copper, nickel - silicon, iron
oxide,and manganese oxide. Suitable seeds would also
include coated seeds, e.g. Teflon ® PTFE fluorocarbon
coated seeds. The thermoseed may be of a radioactive
material such as a coating of radioactive gold on nick-
el/copper. This would provide a dual function treat-
ment.

Migration of seeds is not a problem, 1f similar size
seeds are used as for interstitial radiation therapy. Desir-
ably, the seeds are about 3 or 4 centimeters in length.
Seeds tend to migrate if they are 5 cm or larger in

diameter showed that they should not be shorter than 7
mm in length. The spacing of seeds should not exceed 1
cm to effect uniform heating.

- Temperature elevations produced by ‘thermoseeds
strongly depend on blood flow. For example, in tisuse
having a blood perfusion rate of 20 times that of resting

- and pulse rate, and chills within a short time of hyper-
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length. Calorimetrica measurements of seeds of 0.9 mm -
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muscle, the coldest point in a thermoseed array with 1

cm spacing would reach only 30° C., even if the ther-

moseeds maintained the rather high temperature of 40

50.1° C. Fortunately, the blood flow in a tumor is usu-
ally lower than in normal tissue counterparts.
Undesirable heating of metal objects in a magnetic
field 1s a matter of concern. Small foreign elements such
as surgical clips and permanently radioactive seeds will
not be a problem, provided their shape, diameter and

length are smaller than that of the thermoseeds. How-

ever, large metal objects, such as prosthesis and pace-
makers, could limit the applicability of the present ther-
moseed method with certain patients. Nevertheless, the
present invention is less prone to problems of this nature
since the field is localized and focused.

Clinical use of hyperthermia is based on the following
observations: 1) hyperthermia is a potent modifier of the

response of tumors to radiation and can be tumoricidal
per se; 2) hyperthermia enhances the killing of tumor
cells by selected chemotherapy agents; 3) hypoxia does
not protect cells against the effects of hyperthermia as it
does against x-rays, and; 4) when subjected to local
hyperthermia, solid tumors act as a heat reservoir be-
cause of their poor blood flow. Since tumors are unable
to augment blood flow in response to thermal stress,
they are more vulnerable to heat damage than the sur-
rounding normal tissue with its efficient vascular cool-
ing system, which rapidly adjusts to local heating bur-
den. |
Using the annular phased array system, toxicity to
hyperthermia has been observed in 30% of patients
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treated. The so-called post-hyperthermia stress syn-
drome consisted of sudden rise in systemic temperature

thermia with all the symptoms subsrdmg n less than 24

hours.

In the present invention, an array of ferromagnetlc |
seeds are implanted in the tumor. The patient is placed -

in a magnetic induction field which produces heat

within the seeds. The absence of any electrical connect-
ing wires between the implants and the power source
makes this heating method very practical. Human pa-
tients tolerated hyperthermia with mild sedation. =
While the present invention is disclosed with respect

‘to prostate cancer, it may be used with various other

tumors. Clinical studies have demonstrated the efficacy
of hyperthermia with radiotherapy in the treatment of
adenocarcinoma of the breasts. About half of the lesions -

treated with radiotherapy alone were controlled, while

all of the lesions treated with the combination were
controlled at one year. When these patients were fol-

lowed for up to three years, of those controlled by

irradiation alone, failure was observed regularly at the
three month follow-up visits. The implication of this
failure rate 1s that half of the controlled lesions will have
recurred at two years. In sharp contrast, only one lesion
treated with hyperthermia-radiation combined re-
curred. It appears that 70% have complete eradication
of their local lesion with the use of combination of
hyperthcrmla with radiation therapy.

Since in addition to man only the dog is known to

“develop benign prostatic hyperthropy (BPH) spontane-

ously, the experimental data avaﬂable on BPH was
obtained in dogs. - |

The high temperatures achieved in dog studies with '_
BPH were necessary to overcome the vasculatory cool-
ing system of normal tissue. Extreme temperatures are
not necessary in the treatment of tumors, as they act as
a heat reservoir and are unable to augment blood flow.
in response to heat. This difference allows the produc-
tion of hlgh temperatures in tumors while Immmrzmg :
damage in normal tissue. :

The sensitivity of the normal prostate trssue to hyper-
thermia was also examined in a rabbit model. Using a
transrectal probe, microwave-induced heating was ap-
plied to the prostate at 42.6 to 43° C. for 30 minutes.
Histological examination was performed after one day

to three months of hyperthermia treatment. Although |

hyperthermia effects were noticed in the rectum, no
detectable pathologlcal damage of |

The similarities of these rabbit and dog models to the
human disease have been documented with regard to
hormonal, chemotherapeutic, and radiation therapeutlc |

 manipulations.
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Some researchers are using an e]ectromagnetlc hy-
perthermia system with rectal cooling to treat patients
with BPH and prostatic cancer. Intraprostatic tempera-
tures of 43 to 43.5° C. are achieved 10 to 15 minutes
after initiation of therapy. Patients received 6-10 treat-
ments during the study. Hyperthermia was applied
three times a week. In patients with prostatic cancer,

radiation preceding hyperthermia was the preferred

treatment combination. Local control of prostate can- .
“cer was achieved within the reported follow-up period.
All patients treated with hyperthermia for BPH had

resolution of their voiding problems. Patients were

- evaluated during hyperthermia treatment and at 3 and 6

month intervals. Each case was evaluated by transrectal
ultrasonography, residual urine, uroflowmetry, rectos-
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copy and blood/urine analysis. Furthermore, investiga-
tors indicated that prostatic biopsy in the group with
advanced cancer of the prostate showed downgrading
or even disappearance of the tumor.

A series of experiments were designed to observe the
in vivo effect of regional hyperthermia on Dunning
tumor growth for one month. The Dunning R3327
prostatic adenocarcinoma was chosen because it is re-
ported to be an ideal animal model for the study of
human prostatic tumors.

EXPERIMENTAL PROCEDURE

d

10

Twelve male Copenhagen rats were subcutaneously |

implanted with about 1 mm3 viable Dunning R3327
prostate carcinoma specimens. The rats were then fol-
lowed periodically until the tumors were measurable.
When the tumor volume reached 0.5-2.0 cm3, the hair

overlying the tumor was shaved, the tumor was mea-

sured 1n three dimensions with precision calipers and
the volume calculated.

The rats were divided into two equal groups and
washed according to tumor size. Each group was anes-
thetized with intraperitoneal Nembutal (50mg/kg}. All
tumors were treated with topical iodine solution and the
hyperthermia needles were disinfected with 70% etha-
nol. The treated group was prepared and the tungsten
needle with the attached thermocouple was inserted
imnto the tumor and heated. Hyperthermia was created
by the resistive heating of a 22 gauge, 1.5 cm long tung-
sten needle by a DC power supply. The thermocouple,
placed at the center of the needle, monitored the tem-
perature and a specially constructed closed loop feed
back circuit held the temperature constant (+/—0.5°
C.). The hyperthermia treatment continued for two
hours after the needle temperature reached 46.5° C.
Prior unpublished results of these experiments with
42.5, 44.5 and 46.5° C. hyperthermia treatment resulted
In a significant delay of tumor growth and marked
tumor necrosis without serious side effects. The experi-
ments were, therefore, carried out using a temperature
setting of 46.6° C. Two hyperthermia treatments, sepa-
rated by a 48-hour interval, were administered. In the
control group, the tungsten needle was inserted into the
tumor, but was not heated.

After treatment, serial measurements of tumor vol-
ume and body weight were made twice a week for four
weeks. On day 29 after final treatment all tumors were
removed. Autopsy was performed in each rat for gross
observation and pathological examination. Lung sam-
ples were obtained to search for metastatic lesions. The
samples were fixed in formalin and processed by routine
histological methods. All slides were stained with Hem-
atoxylin and Eosin and evaluated by light microscopy.

Before treatment, there were no significant differ-
ences in tumor size between the two groups. After two
hyperthermia therapies, the growth of tumor in the
treated group was markedly delayed. From day 12 to
day 22, the tumor size of the treated group was signifi-
cantly less than that of the control group. The fourth
week of measurement showed treated tumors growing
faster than during the first three weeks.

From the first day of tumor measurement to day 22,
the percent change of the mean value of the tumor size
was substantial (227% less in treated than in control).

One week after the second treatment, the mean vol-
ume of tumor in the treated group was significantly less
than that in the control group.
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No other areas of injury were identified and no imme-
diate mortality occurred, two rats died from lung me-
tastases of the prostatic carcinoma on day 22. In the
treated group, no lung metastases were found and no
rats died before day 29.

Microscopic evaluation of the tumors included deter-
mination of the amount of solid or stratified pattern
versus simple nonstratified glandular pattern, the mi-
totic rate, the size of the tumor made up by stroma and
observed injuries, e.g. infarcts, vascular thrombosis, and
hemorrhage. The hyperthermia treated tumors exhib-
ited increased areas of solid or stratified morphology.
The mitotic rate and the relative amount of stroma did
not vary significantly from group to group. Infarcts,
vascular thrombosis, stromal sclerosis, necrosis and
organizing foci were typically present in the hyperther-
mia treated group. Hyperthermia treated tumors char-
acteristically showed also increased areas of piled up
cells with no lumen formation.

In this study, the action of initially applied hyperther-
mia and growth delay on the Dunning tumor model was
studied over a period of one month. After two treat-
ments.of hyperthermia therapy within a time span of 48
hours, the growth of the Dunning tumor was delayed
almost two weeks.

Although the 46.5° C. needle temperature was main-
tained for two hours, there were no deleterious effects
on the total condition of the rat. This toleration of hy-
perthermia therapy may be related to the poor circula-
tion in the prostatic tumor or its subcutaneous location.
Changes in body weights (treated and control groups
decreased 7% and 3%, respectively) were observed in

- both groups.
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Two rats in the control group died from lung metas-
tases on day 22 while no lung metastases were found
among treated animals. However, 1t is not clear if hy-
perthermia therapy will prevent metastasis from pros-
tatic tumor.

Using different temperatures (42 to 44° C.), other
investigators have observed the importance of sequenc-
ing hyperthermia with additional treatment modalities.
In the observation of treated tumors, regional necrosis
was found for about one week after hyperthermia ther-
apy. Additional treatment modalities could be consid-
ered in this time period. In the second week, some re-
gional necrosis was absorbed, then the tumor growth
gradually recovered. Beyond this time, some necrosis
was maintained and continued to compromise the tu-
mor. The important factor involved was tumor volume.
Because a single needle size was employed regardless of
tumor volume, the effect on a smaller tumor would be
greater than that on a larger one.

Because thermotolerance with the development of
heat resistant proteins may represent a clinical problem,
especially in tumors treated at lower temperatures. A
temperature of 46.5° C. was used by an interstitial tech-
mque, which has the possibility to raise temperatures to
a degree overcoming these problems, without associ-
ated surrounding tissue damage. Other effects, as previ-
ously discussed, are related to blood flow and systemic
temperature elevations.

DETAILED DESCRIPTION OF THE
| INVENTION

In order to create the necessary magnetic field
strength to inductively heat thermoseeds, a commer-
cially available power supply is utilized to power a

‘specially designed coil. Both supply and coil may be
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watercooled if needed to control equipment tempera-
ture. In some instances, water cooling will be unneces-
sary.

The power supply in one preferred embodlment 1s 7.1
kw and utihizes a frequency of 115 kHz. The frequency
may be in the range of 50 to 200 kHz, preferably be-
tween 80 and 120 kHz. In any event, the frequency must
be below 500 kHz. The coil is 42 cm in diameter, 20 cm
in length and consist of 10 turns of copper tubing. The
coil may have, for example, an impedance of approxi-
- mately 60 ohms at the operating frequency.

‘The power supply and coil produce a maximum mag-
- netic field strength of from approximately 5 to 150 oer-
steds, preferably 10 to 100 oersteds on the axis at the
edge of the coil. The axis of the coil is mounted verti-
cally, with a plexiglass work table (e.g. seat or chair)
covering the entire diameter. This field intensity creates
a working volume 20 cm to 65 cm in diameter and 15
cm to 45 cm in height, centered about the coil axis and
‘4 cm above the uppermost coil winding. In the working
field the space is of sufficient intensity to inductively
heat the thermoseeds to the desired temperature. A
reflector may be provided around the periphery and

beneath the coil as a shield protection with the only.

exposed field being in an upward direction. The present
invention may include a control panel with the neces-

sary controls, switches, indicators and monitoring de-

vices.

- The seeds may be of any suitable metal or alloy that
provides the previously described properties. Typical
alloys include nickel/copper, platinum/copper, nickel/-
silicon, iron/manganese, and manganese/ferrite. Prefer-
ably, seeds of 709% nickel and 30% copper with a diame-
ter of 1 mm are used. This alloy has a curie point tem-

10

FIG. 3 shows a cylindrical coﬂ of the present 1nven-

~ tion;

>

FIG 4 shows a pancake coil of the present invention,; '
FIG. 5 is a perspective view of an embodiment of the
present invention including a seat coil and an articulated -

~arm cotil; and
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FIG.61s a peJ:Spectwe view of an embodiment of the
present invention comprising an articulated arm coil.
Preferred eqmpment for carrying out the present

invention is shown in FIGS. 1 and 2. FIG. 1 shows a

support 10 of the present invention including a platform

11 and a coil 12 disposed beneath the platform 11. The

coil 12 may be constructed of copper tubing having a
tube diameter of about 1 inch. The copper tubing may
be connected to a self-contained water circulating sys-
tem to control the temperature of the tubing. The plat-

form 11 is contoured to require positioning of the pa-

tient to assure positioning of the tumor with the ther-
moseeds within the field of the coil durtng treatment.
The coil, as shown in FIGS. 1 and 2 is a cylindrically

“shaped coil; however, other types of coils may be used

such as a pancake coil (FIG. 4). Such coils may have

from 5 to 15 turns. The cyltndncal coil may typically be

40 cm in diameter and 30 cm in length. The pancake coil
may typically be 30 cm in diameter and 15 cm 1n length.
Alternatively, the coil may be a small portable coil and
may be tightly wound coil with very little spacing be-
tween the turns. In this case, the coil may have from 50
to several hundred turns of fine conductor. The coil will -
usually be disposed in the seat or chair as shown in
FIGS. 1 and 2. Alternatively, a smaller coil may be
mounted on an arm which 1s moveable to center the
coils’ field on a given area of the body where a tumor is

- to be treated. Of course, all parts in the vicinity of the

35

perature of 50° C. The curie point of each wire 1s deter-

‘mined by placing it in a small vial of approximately 5 cc

of water. The vials are placed in the working space of

the magnetic field and their temperature is measured by

thermocouple every 5 minutes. The field 1s turned off 4,

during the temperature measurement to avoid interfer-
ing induced currents on the thermocouple leads. Seeds
which attain 504 /—0.5° C. within 15 minutes of field
activation are desirable. The heat produced by the alloy
thermoseeds is proportional to the magnetic field inten-
sity times the operating frequency, HF; this value for
our system is 1.2 X 108 A/ms. |

Subsequently, the followmg in vivo studies were
carried out based on the prior experience using an inter-
stitial technique.

Thirty-six male Copenhagen rats with subcutaneous
Dunning prostate tumor sized between 0.7 to 1.5 cm3 on
the right thigh, were divided into six groups.

45
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coil will be of a non-conducting material to avoid heat-
ing of such parts.

Such a coil is illustrated in the device 110 of FIG. 5.
Device 110 includes a control housing 111 which may
contain the electrical components and controls as de-
scribed. The device 110 includes a seat 112 which may
be constructed similar to seat 10 of FIG. 1. Seat 112 has
a seat housing 113, a coil 114 and a support platform
116. The coil 114 is in electrical contact with the com-
ponents of housing 111. The device 110 has an articu-
lated arm 117 which carries a coil 118. The coil 118 is
suitable for treating tumors in any of various parts ef the
body.

A device 210 of the present invention iIs shown in
FIG. 6. The device 210 includes a housing 211, an artic-
ulated arm 212 and a coil 213. The articulated arm 212

- may be of any desired form such that it is capable of

Hyperthermia therapy (50° C. for 2 hr) was repeated :

after 48 hours in the first group and after one week 1n
the second group. The third group was treated only
once with hyperthermia. Each greup had its own con-
trol group.

After treatment, the tumor as well as the body weight
were measured twice a week for four weeks. On day 29,
all rats were sacrificed. The lung and the tumor were
removed and sent for pathological examination.

IN THE DRAWINGS

FIG. 1 1s a front view of one embodiment of the
present invention;

FIG. 2 is a side sectional view of the dewce Of FIG.
1;
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supporting the coil 213 in position adjacent a patients
body for treatment of a tumor. The coil 213 may be
moved to the desired location for treatment of a tumor.

The housing 211 is portable and may be moved on its

supporting wheels to a position adjacent to a patient’s -
hospital bed for use. The housing 211 may carry the
power supply of a type as previously described. The
power supply may provide current at a frequency of
from 50 to 200 kHz to produce a magnetic field of be-

tween 50 and 150 oersteds.

While preferred-embodiments are dtsclesed various

modifications ma be made without departlng from the

broader scope of the present mventlon

What is claimed is: |

1. An apparatus for the treatment of prostate cancer,
said apparatus comprising a platform for the support of
a person having a prostate tumor and a coil formed of
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11
electrically conductive tubing, said platform having a
seat with an upper surface, said upper surface being
positioned within 4 cm of the uppermost turn of said
coil, said upper surface being contoured for reproduc-
ibly receiving the buttocks of a person in alignment
with the axis of said coil.

2. The apparatus of claim 1 wherein said apparatus
further comprises a power source, said power source
and said coil being capable of producing a magnetic
field strength of 5 to 150 oersteds.

3. The apparatus of claim 2 wherein said coil has a
diameter of from generally 20 cm to 65 ¢cm and a length
of generally 15 cm to 45 cm.

4. The apparatus of claim 3 wherein said coil is of

copper tubing and has generally 50 turns.
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S. The apparatus of claim 4 wherein said coil has a
working field volume of generally 20 cm in diameter
and generally 15 cm in height.

6. The apparatus of claim 5§ wherein said platform is a
chair-like structure on which the person may be seated
during treatment.

7. The apparatus of claim 4 wherein said coil has a
working field that extends about 20 cm above the upper
most turn of the coil.

8. The apparatus of claim 6 wherein said platform 1is
concave and extends downwardly into the center of the
diameter of the coil, whereby the seat upper surface 1s
positioned well within the field of the coil during treat-

ment.
* % ¥ L ¥
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l UNITED STATES PATENT AND TRADEMARK OFFICE '
CERTIFICATE OF CORRECTION

PATENT NO. : 5,197,940
DATED : March 30, 1993
INVENTOR(S) - CHESTER E. SIEVERT, JR., ROBERT D. TUCKER,

STEFEN LOENING
It is certified that estor appears in the above-identified patent and that said Letters Patent is hereby
corvected as shown below:

Col. 11, line 15, delete "50 turns.", insert --10 turns.--
I
Signed and Sealed this
Thirtieth Day of November, 1993 l
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